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SYNOPSIS

The purpose of this investigation was to establish a
relationshlip between R-value and k-value for various soills so
that soil survey data normally available for a project could be
used in the design of portland cement concrete pavements,

Twenty k-~values were established on going California
highway contracts by the Portland Cement Association using their
truck mounted plate bearing test equipment. Samples of these
same solls were tested by the Materials and Research Department
to determine R-values. Other tests were made by both agencies
to define the type of soil at each test location.

The investilgation showed that a precise correlation
does not exist between R-value and k-value for the typileal
California soils tested. It does appear that a conservative
relationship can be established which will be usable in
developing an empirical modification of portland cement
concrete pavement design methods that use Westergaard's
k-value, :

INTRODUCTION

Most recognized methods for the design of portland
cement concrete pavements use Westergaard‘'s modulus of subgrade
reaction (k-value) as the estimate of the support provided by
the basement soil, subbase and base.

The desire was to establish a relationship between
k-value and R-value for various soils in order that soil survey
data normally available for California highway projects could be
used 1in the design of rigid pavements,

Such a relationshlp is shown in chart form in Figure 9
on page 36 of the "PCA Soil Primer”, but it was believed that
thls chart was constructed by comparing k-value and R-value with
CBR (California Bearing Ratio). 'An investigation to establish a
direct relationship was considered desirable, and there was no
literature available indicating that this had ever been done.

This investigation was sponsored by the Bureau of
Public Roads as work program HPR-1(3)(4), Item D-5-20,

It was originally proposed to perform R-value tests

on twenty 80il samples of lknown k-value. The samples were to

be supplied by the Portland Cement Association, but only four
samples were received,
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The following are the test results:

Sample R-Value k-Value
- P.C.A. o 10 75
Corps of Engr. A 14 76
Corps of Engr. B 12 129
Corps of Engr., C i3 164

Early in February 1966, Mr., C. E, Warnes, local
speclal representative of the PCA, informed us that they could
not furnish more samples and offered to bring out equipment and
personnel from Illinois to perform plate bearing tests for
determining k-values on certain projects 1in Callfornia.

On February 24, 1966, a joint meeting was held at the
Materials and Research Department between representatives of
The Design Department, Materials and Research Department angd
the Portland Cement Association. It was decided to select 20
sltes on current construction projects in California, The
Portland Cement Association would perform plate bearing tests
at no cost to the State. A representative of the Materials and
Research Department would witness the tests sand take samples
from each site for R-value tests, It was believed that this
would furnish more reliable data than the original proposal,

PROCEDURES

The Portland Cement Association established k-values
of basement solls at twenty locations listed in Table 1. The
test sites were compacted embankments with a minimum helght of
8ix feet and all on going Californla highway contracts.

Standard ASTM Des: D 1196-64 procedure with static

loading for highways was used with the preload modification

used at the AASHO Test Track. The preload was sufficlent to
produce 0,01 Inch deflection and was repeated four times,
The Ames dlals were then set with no load, and test loading
procedure was commenced, -

A summary of test data received from the Portland
Cement Assoclation 1s shown in Table 2, grain size accumulation
curves are plotted on Figures 1 to 5 and plate bearing deflec-
tion data 1s presented in chart form on Figures 6 to 9,

The Materials and Research Department performed R-value

tests on samples from each test site using test method No., Calif,
201-F. The clayey soll samples (Nos, 3, 5, 8, 15, 17 and 19) had
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low R-values and high k-~values, The high k-values were no

doubt due to relatively low moisture content of the clay soils

in the field. It is standard practice to correct the k-values

of plastic solls for eventual saturation by factors developed
from consolidometer tests. The method used was Corps of
Engineers, Military Standard 621A, Method 104 with the modifica-~
tlon in specimen size of 2 inches in diameter and 7/8 inch thick.
The seating load was 1.5 pounds per square inch and the deforma-
tion load was 10 pounds per square inch. The k-values, corrected
k-values, and R-values are shown in Table 3, R-values versus
k-values are plotted on Figure 10 including the twenty tests
performed in Californlia and the four samples furnished originally
by PCA., Alsoc shown 1ls a curve representing the PCA chart values
and a tentative empirical curve,

CONCLUS IONS

The data plotted on Figure 10 shows that a precise
correlation does not exist between R-value and k-value for the
typlcal solls tested. It further shows that the PCA chart
indicates k-values that are too high for R-values over 60 under
California conditlons,

Correction factors based on the laboratory consolida-
tion tests did not lower the k-values of clayey soills to realistic
values, Experience elsewhere has shown that k-values for clays
are less than 100 when measured at moisture contents found in
embankments under pavements.

The design of pavements, bases and subbases is not an
exact sclence as there are too many variables and uncontrolled
natural conditions to be correlated in exact mathematical terms.
It appears that an R-value vs k-value curve can be drawn on the
conservative slde of the data obtalned by this investigation and
k~values obtained from this curve can be used in a series of
trial designs. Such a tentative curve is shown by the dashed
line on Figure 10, The curve can then be empirically adjusted
so that the resulting designs conform to present key design
criteria and Californla experience with the road life of portland
cement concrete pavements.

It 18 belleved that sufficient information has been
gained from this study to enable us to proceed with the develop-

ment of a design method for rigld pavements based on R-value data

from preliminary soil surveys.
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Table 2

CALIFORNIA =~ PLATE BEARING TESTS
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CALIFORNIA — PLATE BEARING TESTS
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~ Siato of Colifornig , : 'H‘rcm'saori‘faﬁon Agency
¢ . i

Wemorandy

o

fo : Mr, Co G, Beer ) Dats; . April S, 1967
- Urban Planning ‘ : - SO
' File :  Research Project '
HPR-1(3)(4},Dm5m20 \
- . o _ _13~951010~30003
’ : ' ' 13624130

' From t Separinions ef Publia ‘.y"Jors’:s-—-Da'vEsion of Highways
Headquarters Design Department

Subject;

o Reference ig made te the fingl Leport on the above-
referenced Project dated'September 23, 1966, ang titlegd
”Report on Correlation Between R-Value and k-Value a8 a Basis
for Concrete Pavement Design, ¥

Subsequent to the Submission of the_final-repartp the
Portland Cement'Association berformeg Consolidation tests on
five of %the Ooriginal clay samples o obtain Saturation correg.-
tlon factors and corrected k-valuesg, These testg also vere
mnade in “ccordance wigh Procedures of the U,8, Ariy Corps ofp
Ingineers, The differences were that Standard gize Qduipment
Was used ang the samples yepre the original, Bealed, 1n Blace
Specimens obtaineg when fthe plate bearing tests wepe made
lustead of recompacted Samples, :

The Tesults of the new tests are tabulatey as® follows:

Site Fielg Value Saturation Satarated

No, k-pei Correction Correcteg
Factor k-pei
3 352 0,38 134
5 387 0. 31 120
8 300 0,55 165
17 287 0,38 109
19 319 O.54 172

Thiles gasa 8lves g cleser Erouping of the k-values ag
shewn on the &S%tached Fileure 10 Walch has haqg these valyns
added, Also shoun g a "Minimun Value Curvel {heavy 50116

'line) which hagz been used With an empirically adjusted adapta.
tion op the latest Portlang Cement ABBociation mevhiod of
CONnCrete pavement design, HBBBf 1966, itled "Phickness
Design fop Concrete Pavemensg , o

cﬁLci;;ﬁf?%§3
A,C, ESTEE
, Engineer of Design
Attach, .

PIN:g]

-~ WHEB Rrv. G0 Estepﬁ-wagner
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